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Annual Highlights 

Hiding behind a wall of dust 
The hunt for distant galaxies has traditionally been based on telescopes designed to detect their 
starlight emitted in the UV and visible spectrum. Naturally, this light becomes progressively fainter and 
harder to detect as we look farther out into space. 

While missions like NASA’s and ESA’s new flagship, the James Webb Space Telescope, are 
specifically built to address this technical limitation, there is another, more fundamental barrier set by 
Nature: Galaxies are enshrouded in large amounts of dust and gas blocking the starlight, re-emitting it 
as infrared light. 

Using a combination of state-of-the-art observations, DAWN members revealed that this “wall of dust” 
in some of the most star-forming galaxies in the early Universe blocks not only starlight but also a 
portion of the emitted light by the dust itself. DAWN PhD student Isabella Cortzen demonstrated that 
this “self-absorption” caused by thick layers of dust has profound implications for the observability and 
the very nature of these galaxies. 

The new results suggest that some early galaxies are up to ten times more efficient at converting gas to 
stars than previously thought, calling for a radical rethinking of their dust and gas measurements, and 
the evolution of the first galaxies. 

Early, mature galaxies and the dispersion of heavy elements 
Heavy elements (or "metals") such as carbon and oxygen did not 
exist in the Universe at the time of the Big Bang. They were formed 
later by nuclear fusion in stars. However, it is not yet understood how 
these elements spread throughout the Universe — an essential 
process to foster life. 

To understand these processes, DAWN postdoc Seiji Fujimoto and 
collaborators undertook, for the first time, a systematic survey of 
distant galaxies with the ALMA observatory. And the result was 
unexpected: As a by-product of dying stars, galaxies already 
contained a significant amount of dust and metals when the Universe 
was only 10% of its current age. 

In particular, they found that the gaseous metal clouds are always 
present, far beyond the stars, sometimes even forming an ordered 
rotating disk. That is, the galaxies are much more "mature" than 
previously thought. 

Roughly 50,000 lightyears across, the 
stars (white) in this galaxy are seen 
enshrouded in a halo (red) of metal gas 
(credit: S. Fujimoto). 



Supernova explosions and energetic jets and radiation from supermassive black holes are likely to be 
the main drivers that transport the metal gas outside of the galaxies and finally throughout the Universe. 

Organization 

Covid-19  
The pandemic had a large influence on life at DAWN. We were among the first to be sent home in the 
spring, and since then all activities have been online. We organized almost daily online gatherings for 
the whole center, in the form of working group meetings, journal clubs, talks, and happy hours. Luckily 
astronomers are quite used to working and meeting remotely with international collaborators so we 
have not seen a significant decrease in the scientific output of the center during the pandemic. A 
positive effect has been that our international associates became closer integrated in the centers 
activities, as they could participate in online meetings on equal footing with local center members.  

Housing of the center 
The NBI part of DAWN moved into the new Niels Bohr Building (NBB) over the summer of 2020. DAWN 
is located on the 2nd floor of the north side of Jagtvej. DAWN is adjacent to the DARK group, as stated 
in the DNRF contract, which allows for close interactions.  

The DTU Space part of DAWN has moved from the ground floor offices to new offices on the 2nd floor. 
This means DAWN is now on the same floor as the other astronomers at DTU Space, including the 
exoplanet group led by Lars Buchhave, as stated in the DG contract.  

Hiring Plan 
The independent DAWN postdoctoral fellowship program continues to be competitive with the major 
international fellowships in astronomy. We advertise every year and consistently receive 80–100 
applications from around the world. In 2020 we hired Dr. Francesca Rizzo from the Max-Planck Institute 
for Extraterrestrial Physics, as a DAWN Fellow at NBI, Dr. Lijie Liu from University of Oxford, and Dr. 
Steven Gillman from Durham University as postdocs DTU.  

Our strategy of supporting independent fellows has so far been successful. With a prestigious named 
fellowship, DAWN is competitive for the strongest, most independent international young scientists who 
can bring new ideas and projects to the center. The high profile of the fellows makes them good 
candidates for winning their own independent fellowship and young group leader grants. In fact, four of 
our DAWN Fellows have won their own grant (2 INTERACTIONS EU-cofund grants, one Carlsberg 
postdoctoral grant and one Marie Sklodowska Curie, MSC-EU fellowship). Two other fellows left for 
permanent positions in their home countries.  

In the past year DAWN has hired four new PhD students. Three students have started at NBI and one 
student has started at DTU. The embedment associate professor position at NBI has been filled by Dr. 



Charlotte Mason, who will join the DAWN faculty at NBI in August 2021. Dr. Mason is a world-leading 
expert in studies of the very first galaxies and works at the interface between observations and 
simulations. Dr. Mason won a Villum Young Investigator grant in December 2020, which will allow her 
to build a group at DAWN. We have also hired Dr. Pascal Oesch who transitioned from being an 
international associate to a permanently hired as an associate professor at DAWN/NBI where he will 
spend 20% of every year going forward. Dr. Oesch is a leading expert on optical/near-IR observations 
of early galaxies with Hubble and James Webb Space Telescope. 

The process of filling the Professorship at DTU is delayed by more than a year but the process has now 
started to fill the position. The expectation is that the call will come out very soon and the position will 
be filled in the near future. 

Recruitment and Gender strategy 

The DAWN recruitment strategy is simple: to hire the best talents in our field. This means our focus is 
to recruit internationally as well as nationally, and it means hiring the best and brightest, regardless of 
gender, ethnicity, and cultural background. We align our hiring cycle with the international PhD and 
postdoc recruitment calendar, and focus on hiring outstanding, independent fellows with a broad range 
of diverse backgrounds to our flagship DAWN fellowship. At DAWN we strongly believe that a diverse 
working environment is one that fosters creativity, different ways of approaching tasks and, ultimately, 
new ideas. 

In 2020, we hired three postdocs — two female and one male —  from Italy, China and the UK. We also 
hired four PhD students in 2020 — two female and two male — from Russia, Spain, UK, and Denmark. 

Research Integrity 
From the beginning DAWN has been committed to the highest levels of research integrity. We continue 
our adherence to open access to our research products via arXiv.org and open access peer-reviewed 
scientific journals. This also includes the use of public research data repositories. 

One of the most important tenets of our research integrity, and which is not highlighted in most codes of 
ethics, is the social responsibility we feel towards junior scientists and colleagues in non-permanent 
positions. 

We therefore work with senior postdocs and scientific/technical staff on fixed term contracts in two 
ways: first to develop their skills portfolio with a view to future careers outside of a strict academic 
research environment, and second, until they find such careers, they fill important scientific support 
roles at DAWN if such are available. We regard this as an important aspect of building a trusted, caring, 
and supportive environment, vital for any successful research team.  



Research themes and DAWN's 2020 discoveries 

The Cosmic Dawn Center studies the birth, the life, and the death of galaxies. In other words, we aim to 
detect the first galaxies, investigate their evolution, and learn which processes lead to their so-called 
quenching, a term describing how some galaxies cease forming stars. Additionally, we study the 
smaller scales, namely the gas and dust that lies in between the galaxies' stars — the interstellar 
medium — and the larger scales, namely the effect that the galaxies have on their environment in the 
early Universe; the so-called Epoch of Reionization. These science goals are reached through our 
involvement in large observational programs, and interpreted through both existing theories and 
novel methodologies. 

First galaxies 
Galaxies are the building blocks of the Universe, and understanding how, and how soon, these 
enigmatic structures of gas, stars, and dark matter arose, is an observationally challenging task, 
involving  looking almost to the edge of the observable Universe. 

Currently, the most distant galaxy is seen at an epoch where the Universe was only 400 million years 
old, 3% of its current age. The first stars were formed at half this age, but have not yet been observed 
directly. 

This is expected to change with the launch of the James Webb Space Telescope. Years of preparation 
will soon provide vast amounts of data to be interpreted by astronomers. While COVID-19 forced the 
JWST collaboration to once again postpone the launch of the telescope, 2020 was the year of the first 
cycle of JWST proposals. 

DAWN did not lie idle, submitting more than 20 proposals as Principal Investigators (PIs) and more 
than 100 as co-Investigators, for a total of some 4000 hours of observing time.  

Galaxy evolution 
Galaxies evolve through both internal and external processes: Gas is converted to stars which pollute 
the interstellar medium with heavy elements, some of which form dust grains. Spiral arms form, and 
gas is ejected as galactic winds, triggered by the feedback of stars and quasars. At the same time, 
galaxies accrete new gas from the intergalactic medium, and merge with other galaxies. 

The interplay between these processes determines the fate of a galaxy — whether it will turn out a 
disky and star-forming spiral galaxy, an elliptical, red and "dead" galaxy, or something else. 

The evolution of galaxies was investigated observationally by Walter et al. (2020), who constrained the 
cycle of stars and atomic and molecular gas, establishing e.g. the need for galaxies accreting gas from 
the surrounding intergalactic medium. Meanwhile, Steinhardt et al. (2020a) developed a theoretical 
model to explain how galaxies reach the so-called main sequence — a relation between galaxies' 
stellar mass and the rate at which they form new stars — finding that cosmic rays play a crucial role. 



Quenching 
Some galaxies continue to form stars from the time they are formed and until today. The beautiful 
bluish spiral galaxies are an example of this. However, others — typically the most massive and 
elliptical galaxies — at some point cease to form stars. As the short-lived, blue stars die out and the 
long-lived, red ones remain, these galaxies get their characteristic orange-reddish color. 

For the Milky Way, forming its hundreds of billions of stars has taken the lifetime of the Universe — 
13.8 billion years. It was therefore a surprise when two, possibly three, galaxies were detected already 
1.5 billion years after the Big Bang with a similar number of stars, which had already stopped almost 
completely forming new stars (Valentino et al. 2020a). 

At a somewhat later epoch, Stockmann et al. (2020) analyzed for a large sample of direct progenitors of 
the most massive elliptical galaxies in the local Universe, finding an unexpectedly large fraction to show 
signs of ongoing or recent collisions with other large galaxies, and that these collisions must lead to a 
doubling of their size over 10 billion years. 

Structures in the Universe form "bottom-up", from little clumps of stars in the very early Universe, to 
galaxies, to groups and clusters of galaxies in recent times. Detecting a mature galaxy cluster, seen 
when the Universe was only 3.5 billion years old, with stars formed when the Universe was only 370 
million years old, was hence a surprise (Willis et al. 2020). 

The interstellar medium 
Whether stars die with a whimper or with a bang, they return their gas to the space in between them, 
only now it is polluted with heavier elements, or "metals". 

Not only the metals themselves, but also the molecules and the dust that they form, affect observations 
both in emission and in absorption. Moreover, they facilitate star formation, and they engender massive 
outflows through stellar and galactic winds. 

These processes are interesting in themselves, but also have major impacts on the evolution of 
galaxies. Analyzing the interstellar medium is thus pivotal to understand galaxies. 

During intense bursts of star formation, one might expect the interstellar medium to be heated up. 
Observationally, however, in the early Universe such galaxies appear to become colder. An appealing 
solution to this puzzle was offered by Cortzen et al. (2020), who revised the way that temperatures are 
derived from carbon and dust on the basis of a sample of galaxies. 

Valentino et al. (2020b) and Valentino et al. (2020c) probed the carbon and carbon monoxide emission 
of a sample of galaxies, establishing relations between how efficiently gas is turned into stars, how fast 
it happens, and how intense the  radiation from these stars is. 



Reionization 
Through its history, the Universe has experienced a number of global transitions. Most of these took 
place in the early Universe. Shortly after the Big Bang, the Universe was so hot that all atoms were 
ionized and electrically charged. When it had cooled enough that neutral atoms could form, it remained 
so for several hundred millions of years. However, roughly half a billion years after the Big Bang, a 
global phase transition took place, where the entire vast space between the galaxies was re-ionized. 

While there is general consensus that the sources of the ionizing radiation was hot stars in the first 
galaxies, quasars (supermassive black holes) are also thought to play a role. An interesting discovery 
was made by Fynbo et al. (2020), who for the first time measured the distance to such a quasar based 
on its halo of hydrogen; this monster is spewing  out material at 10% the speed of light. 

A theoretical breakthrough was presented by Naidu et al. (2020) in the form of an empirical model that 
accurately matches a number of observations and predicts testable results: Reionization was 
dominated by a few very bright galaxies, with the fainter majority contributing negligibly, contrary to 
what was previously thought. This study was co-authored by Dr. Pascal Oesch and Dr. Charlotte 
Mason (Naidu's supervisor), who both recently accepted a full and a part-time position, respectively, as 
associate professors at DAWN. 

Major DAWN programs 
DAWN is involved in a number of observational programs, or surveys, dedicated to unraveling the 
mysteries of the "cosmic dawn epoch". 

The BUFFALO survey is a Hubble Space Telescope (HST) program, designed to investigate early 
galactic assembly and clustering. One of BUFFALO’s key goals is to determine how rapidly galaxies 
formed in the early Universe. BUFFALO is led by Charles Steinhardt, and an already well-cited paper 
describing the survey came out recently (Steinhardt et al. 2020b). 

BUFFALO utilizes a marvelous technique called gravitational lensing, where the very gravity of a 
massive foreground galaxy cluster warps space so much that light from distant background galaxies is 
deflected and amplified. This technique was also used by Fujimoto et al. (2020a) to investigate the 
most massive black hole in one of the "first" galaxies. 

Fujimoto and other DAWNers are active members of the ALPINE program, an international 
collaboration dedicated to measuring the infrared properties of the gas and dust in more than 100 
galaxies 0.9–1.5 billion years after the Big Bang. This epoch "bridges" the time from the first galaxies to 
the more evolved galaxies, and a large number of studies have emerged from this study. 

Fujimoto et al. (2020b) demonstrated how the size of galaxies evolve, and how some of them are 
surrounded by a large, carbon-enriched halo. Meanwhile, Fudamoto et al. (2020) and Béthermin et al. 
(2020), with a strong DAWN involvement, characterized the evolution of the properties of dust and the 
star formation properties, respectively, in these early galaxies. 



Gravitational lensing is also the backbone of the ReQuieM survey, led by DAWN's Kate Whitaker, 
studying the most massive galaxies in the early Universe. A pilot study of the methodology that will be 
used to analyze the sample was presented in (Akhshik et al. 2020). 

The COSMOS survey is the largest survey ever with the Hubble Space Telescope, and this field has 
since been observed with virtually all major telescopes, providing measurements from X-ray to radio 
wavelengths. The survey “catalogs” containing physical properties of more than a million galaxies over 
most of the age of the Universe are among the most influential studies in astronomy. 

DAWN is leading the latest version of the catalog, which was released internally to the COSMOS team 
in September and is currently under review for publication. The new catalog builds on new infrared data 
from the DAWN-led UltraVISTA survey (Co-PI Johan Fynbo), and optical data from the Japanese 
Subaru telescope in Hawaii. The new data finally makes it possible to find the rarest brightest galaxies 
during the cosmic dawn epoch. Several telescope proposals have been submitted involving almost all 
DAWN members to study these newly discovered galaxies. 

The COSMOS survey is a prototype for the much larger Cosmic Dawn Survey to cover the deep fields 
of the Euclid Spacecraft mission (scheduled for launch in 2022) with deep multi-wavelength data to 
allow discoveries of thousands of cosmic dawn era galaxies. In early 2021, the DAWN-led Cosmic 
Dawn Survey was officially selected by the Euclid board as a pre-launch Key project, of essential 
importance to the mission.  

Theory and novel methodologies 
While most research at DAWN is observationally inclined, theories are needed not only to explain and 
interpret observations, but also to predict what we may expect to observe. 

Lagos et al. (2020) did exactly this, studying the most massive, dusty galaxies through semi-analytical 
models that match observations remarkably well in a number of properties. In a more classical, 
numerical simulation of the hydrodynamical formation of galaxies, Salim & Narayanan (2020) 
implemented a sophisticated model of dust formation and destruction processes, calculating the 
extinction properties of dust in galaxies. 

The phenomenological model of Kaufmann et al. (2020) demonstrated the need for observing larger 
areas on the sky, rather than small areas for a long time, in order to properly quantify the luminosity 
distribution of the brightest galaxies. A more empirical model by Gobat et al. (2020) showed how some 
galaxies may be quenched even though they have a fair amount of gas left. 

A fairly novel methodology that has entered astronomy is machine learning. With this technique, DAWN 
BSc student Christian Jespersen et al. (2020) was able to classify so-called gamma-ray bursts — the 
most violent explosions in the Universe — which are also helpful in probing the interstellar medium of 
galaxies.  

As described above, quenched galaxies turn redder with time. But galaxies may also appear red due to 
the presence of dust. Distinguishing between the two can be a challenge, particularly in large samples 



where galaxies cannot be inspected individually. Steinhardt et al. (2020c) presented a promising 
machine learning-based method to differentiate between the two. 


